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I .  I N T R O D U C T I O N  

The s t a t u s  o f  t he  c u r r e n t  e f f o r t  t o  assess t h e  Apo l lo  
s p a c e c r a f t  a c o u s t i c a l  envi ronment  i s  r ev iewed  i n  t h i s  memorandum. 
An o v e r a l l  a n a l y s i s ,  w i t h  p a r t i c u l a r  emphas i s  on t h e  "Apo i lo  
l a u n c h  n o i s e " ,  was made by MSC o v e r  a y e a r  ago  ( p r i o r  t o  t h e  
AS-202 m i s s i o n ) .  

The Apo l lo  s p a c e c r a f t  a c o u s t i c a l  n o i s e  env i ronmen t  of 
i n t e r e s t  i s  g i v e n  i n  S e c .  11. The r e s u l t s  o f  t h e  a n a l y s i s  made 
by  MSC a r e  r ev iewed  b r i e f l y  i n  S e c .  111, and compared w i t h  the  
f l i g h t  r e s u l t s  o b t a i n e d  from t h e  AS-202 m i s s i o n  which i s  d e s c r i b e d  
i n  S e c .  I V .  The c u r r e n t  p l a n  for c o l l e c t i n g  s imi l a r  da t a  f o r  t h e  
AS-502 m i s s i o n  i s  d e s c r i b e d  i n  Sec.V which a l s o  c o n t a i n s  recom- 
menda t ions  f o r  t h e  p a r t i c u l a r  p e r i o d s  o f  i n t e r e s t  f o r  da t a  
c o l l e c t i o n  d u r i n g  t h e  m i s s i o n .  

11. APOLLO SPACECRAFT A C O U S T I C A L  ENVIRONMENT OF ITJTEREST 

There  a r e  t h r e e  major  areas where t h e  Apo l lo  s p a c e c r a f t  
a c o u s t i c a l  envi ronment  cou ld  have  an  i m p a c t .  These a r e  (1) t h e  
p h y s i o l o g i c a l  area,  ( 2 )  communica t ions ,  and ( 3 )  equipment  ( v i b r a -  
t i o n ) .  

The s o u r c e s  o f  t h e  a c o u s C i c a 1  n o i s e  a r e  p r o p u l s i o n  d e v i c e s ,  
aerodynamic  e f f e c t s ,  and  on-board equ ipmen t .  T y p i c a l  o f  t h e  l a t t e r  
a r e  f a n s ,  i n v e r t e r s ,  g y r o s ,  pumps, and v a l v e  o r i f i c e s .  

F o r  t h e  p u r p o s e  of d a t a  c o l l e c t i n g ,  t h e  following p h a s e s  
of an  Apo l lo  m i s s i o n  would be o f  i n t e r e s t .  

(1) CM d u r i n g  b o o s t  phase  - s u i t e d  c rew,  
(2) CM d u r i n g  c o a s t  phase  - s u i t e d  c rew,  
( 3 )  CM d u r i n g  c o a s t  phase  - i n  s h i r t  s l e e v e s  
(4) 
( 5 )  CM e n t r y  p h a s e  - s u i t e d  crew,  
(6) LM d e s c e n t  phase  - s u i t e d  c rew,  

CM d u r i n g  RCS and SPS b u r n s  - s u i t e d  crew,  
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( 7 )  LM l u n a r  s t a y  phase  - s u i t e d  crew b u t  w i t h  he lmet  o f f ,  

( 8 )  LM a s c e n t  p h a s e  - s u i t e d  c rew,  and  

(9) EVA a c t i v i t y  - s u i t e d  u s i n g  t h e  PLSS. 

Both  crew compartment and  s u i t  c i r c u i t  l e v e l s  s h o u l d  be measu red .  

111. R e c e n t l y  P u b l i s h e d  Data " A D D r a i s a l  o f  A ~ o l l o  Launch Noi se"  

An a r t i c l e  a u t h o r e d  b y  Mr. B .  0 .  F r e n c h ,  f o r m e r l y  o f  the 
C r e w  System D i v i s i o n  a t  MSC, a p p e a r e d  i n  t h e  July 1 9 6 7  i s s u e  o f  
Aerospace  Med ic ine .  Although t h e  a r t i c l e  w a s  p u b l i s h e d  r e c e n t l y ,  
t h e  work on which i t  i s  based  i s  more t h a n  one y e a r  o l d  s i n c e  
Mr. French  has been  on l e a v e  from MSC for more t h a n  a y e a r .  The 
background i n f o r m a t i o n  c o n t a i n e d  i n  t h e  a r t i c l e  was rev iewed  
p r e v i o u s l y *  a f t e r  d i s c u s s i o n s  w i t h  Mr. F r e n c h .  The new i n f o r -  
m a t i o n  i n  t h e  a r t i c l e  i s  f r o m  t h e  r e s u l t s  o f  a n  A i r  Forace s t u d y  
of  t h e  e f f e c t s  o f  low f r e q u e n c y  n o i s e  on man. 

It  s h o u l d  b e  n o t e d  t h a t  t h e  n o i s e  c n v i r o n x n t  d i s c u s s e d  i n  
t h e  a r t i c l e  does  n o t  d i s t i n g u i s h  between t h e  S a t u r n  IEI afld S a t u r n  V 
l a u n c h  v e h i c l e s .  I n  a d d i t i o n ,  t h e  da ta  p r e s e n t e d  a r e  e x t r a p o l a t i o n s  
o f  data c o l l e c t e d  from a smal l  number o f  S a t u r n  I b o l l e r  p l a t e  ground 
t e s t s  and  f l i g h t s ,  and wind t u n n e l  t e s t s  ( s c a l e  m o d e l ) .  Recorded 
da t a  from S a t u r n  I B  f l i g h t s ,  i n  p a r t i c u l a r  t h e  AS-202 m i s s i o n ,  were  
n o t  i n c o r p o r a t e d  i n t o  t h e  a r t i c l e .  A compar ison  be tween t h e  d a t a  
p r e s e n t e d  i n  t h e  a r t i c l e  and  t h e  f l i g h t  data  c o l l e c t e d  on AS-202 
i n d i c a t e s  t h a t  t h e  agreement  i s  r e l a t i v e l y  p o o r .  I n  g e n e r a l ,  
Mr. F r e n c h ' s  p r e d i c t i o n  of t h e  crew compartment n o i s e  l e v e l s  i s  
c o n s i s t e n t l y  on t h e  h i g h  s i d e  b y  one o r d e r  o f  magni tude  ( i . e . ,  10 d b ) .  

The es t imates  a r e ,  a t  bes t ,  a p r e d i c t i o n  based  on a 
model  which o n l y  approx ima tes  t h e  S a t u r n  V c o n f i g u r a t i o n .  I n  o r d e r  
t o  p r o v e  t h e  a c c u r a c y  o f  t h e  mode l ,  a d d i t i o n a l  f l i g h t  t e s t  d a t a  a re  
needed .  

I V .  AS-202 FLIGHT TEST DATA 

Two microphones  were used  on t h e  AS-202 m i s s l o n  t o  c o l l e c t  
a c o u s t i c a l  n o i s e  data  i n  t h e  CM c a b i n .  A b r i e f  sunmary r e p o r t  o f  
t h e  t e s t  r e s u l t s  i s  g i v e n  i n  t h e  AS-202 p o s t  f l i g h t  summary r e p o r t  
( p p .  7-369 t o  7 - 3 7 7 ) .  The  r e c o r d i n g  p e r i o d s  a re  shown i n  t h e  

*T. A .  Bo t tomley ,  Jr. a n d  R .  K .  Chen, " T r i p  Repor t  - 
A c o u s t i c a l  Environment  o f  A p o l l o  S p a c e c r a f t " ,  Bellcomm 
Memorandum f o r  F i l e ,  A p r i l  29 ,  1 9 6 6 .  
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a t t a c h e d  t a b l e  ( t a b l e  2 .0-1) .  Comparing t h e  da ta  r e c o r d i n g  p e r i o d s  
d u r i n g  t h e  AS-202 m i s s i o n  w i t h  t h e  d e s i r e d  p e r i o d s  g i v e n  a b o v e :  t h e  
f o l l o w i n g  d a t a  a re  l a c k i n g :  

(1) CM ECS s u i t  c i r c u i t  da ta ,  

( 2 )  LM r e l a t e d  d a t a ,  and 

( 3 )  PLSS data .  

It s h o u l d  also b e  n o t e d  t h a t  o n l y  s e l e c t e d  da ta  a r e  p r e s e n t e d  
i n  t h e  AS-202 r e p o r t ;  t ha t  i s ,  emphas i s  was p l a c e d  ma in ly  on t h e  
b o o s t  phase  r e s u l t s ,  

M r .  F r ank  Rot ramel  o f  MSC/IESD p r o v i d e d  t h e  followinr 
i n f o r m a t i o n  c o n c e r n i n g  t h e  i n s t r u m e n t a t i o n  o f  t h e  AS-202 t e s t  
f l i g h t .  T h i s  was n o t  d e s c r i b e d  i n  t h e  summary r e p o r t .  

(1) The microphones  used d i d  n o t  have  o m n i - d i r e c t i o n a l  
c h a r a c t e r i s t i c s ;  t h e  p r i n c i p a l  a x e s  o f  t h e  micro-  
phones  were p o i n t e d  t o w a r d s  t h e  apex  of t h e  CP4. 

( 2 )  The d e s i g n  of  t h e  mic rophones  p r o v i d e s  f u r ,  d e c o u p l i n g  
t h e  s e n s o r s  f rom t h e  m e c h a n i c a l  mountinrr, a r r a n g e m e n t .  

( 3 )  The microphones  were t u r n e d  on a l l  t h e  time d u r i n g  t h e  
e n t i r e  f l i g h t ,  however,  t h e  r e c o r d e r  was t u r n e d  on and 
o f f  by t h e  programmer.  

( 4 )  The onboard  data  s t o r a g e  r e c o r d e r  was u s e d .  S i n c e  th is  
r e c o r d e r  has m u l t i p l e  t r a c k s ,  o t h e r  ?ita YPYJC! r e z s r d e d  
a t  t h e  same t i m e .  T h e r e f o r e ,  t h e  f r eedom of s e l e c t i n g  
t h e  d e s i r e d  r e c o r d i n g  p e r i o d s  f o r  t h e  a c o u s t i c a l  d a t a  
was l i m i t e d  by t h e  t i m e  p e r i o d s  of  i n t e r e s t  to o t h e r  
u s e r s  of  t h e  machine.  

V.  SATURN V ACOUSTICAL ENVIRONMENT 

The a c o u s t i c a l  n o i s e  env i ronmen t  i n  t h e  CM i s  e x r e c t e d  
to be d i f f e r e n t  f o r  m i s s i o n s  i n  t h e  AS-500 s e r i e s  as compared t o  
t h e  AS-202 m i s s i o n .  
t h e  f o l l o w i n g  p h a s e s  o f  t h e  m i s s i o n :  

The p r i n c i p a l  d i f f e r e n c e s  would o c c u r  d u r i n g  

(1) Boost  phase  - S a t u r n  V l a u n c h  v e h i c l e s  w i l l  be  u s e d  i n -  

( 2 )  

s tead  o f  t h e  up - ra t ed  S a t u r n  1 l a u n c h  v e h i c l e s .  

A second b u r n  o f  t h e  S-IVB s t a g e  w i l l  o c c u r  d u r i n g  m i s s i o n s  
i n  t h e  AS-500 s e r i e s .  The a c o u s t i c a l  n o i s e  f o r  t h e  S-IVB 
second b u r n  may be d i f f e r e n t  f rom t h a t  of t h e  S-IVB f i r s t  
b u r n  b e c a u s e  o f  t h e  change  i n  m e c h a n i c a l  env i ronmen t  
( e . g . ,  mass d l s t r i b u t i o n  w i t h  p a r t i a l l y  empty t a n k ) .  
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( 3 )  R e e n t r y  phase  - The CM w i l l  e x p e r i e n c e  h i g h e r  dynamic 
p r e s s u r e  d u r i n g  t h e  r e e n t r y  phase o f  AS-501 a n d  
AS-502 t e s t  m i s s i o n s  and s u b s e q u e n t  l u n a r  m i s s i o n s .  
The i n i t i a l  r e e n t r y  v e l o c i t y  w i l l  b e  36,000 f t / s e c  
i n s t e a d  o f  27,000 f t / s e c  f o r  t h e  AS-202 m i s s i o n .  

One p a r t i c u l a r  r e a s o n  for t h e  need  to knolvr t h e  
a c o u s t i c a l  env i ronmen t  o f  s p a c e c r a f t  t h a t  a r e  l a u n c h e d  on 
S a t u r n  V v e h i c l e s  was g i v e n  by  Mr. D .  Hudson o f  t h e  F l i y h t  
Crew Suppor t  D i v i s i o n  (FCSD) a t  M S C .  H e  would l i k e  c o n f i g u r a t i o n  
of  e x i s t i n g  S a t u r n  V p r e d i c t i o n s  by o b t a i n i n g  f l i g h t  d a t a .  These  
data  would t h e n  be u s e d  i n  s i m u l a t i o n  t r a i n i n g  o f  t h e  a s t r o n a u t s .  
H i s  argument  seems b a s e d  l a r g e l y  on u n c e r t a i n t i e s  r e g a r d i n g  t h e  
dynamic r a n g e  and  r e s p o n s e  o f  t h e  onboa rd  s e n s o r s  used i n  t h e  
AS-202 m i s s i o n .  

A s e t  o f  a c o u s t i c a l  t e s t  e q u i p m e n t ,  i n  k i t  form,  has  
b e e n  d e s i g n e d  t o  be  c a r r i e d  on e i t h e r  AS-501 or AS-502 test 
m i s s i o n s .  Because  o f  t h e  s c h e d u l e  r e s t r i c t i o n  on t h e  P.S-501 
m i s s i o n ,  i t  has been  d e c i d e d  t h a t  t h e  t e s t  equipment  w i l l  be 
i n s t a l l e d  i n  CSM s p a c e c r a f t  020, which i s  a s s i g n e d  to the 
AS-502 m i s s i o n  a t  p r e s e n t .  The f o l l o w i n g  i n f o r m a t i o n  c o n c e r n i n p  
t h e  a c o u s t i c a l  t e s t  was o b t a i n e d  f rom Mr. Rotramel  and 
Mr. W .  T .  Sleeman o f  KSC: 

(1) The same t y p e  o f  i n s t r u m e n t a t i o n  u s e d  on t h e  AS-202 
f l i g h t  w i t h  t h e  e x c e p t i o n  o f  t h e  n i g h  r a n g e  mic rcnhone ,  
h a s  been  provic?ed i n  t h e  k i t .  

I n s t e a d  o f  t h e  c r y s t a l  microphone made b y  Gu l ton  I n d u s -  
t r i e s ,  a d y p a n i c  t y p e  XieTGpliofie made uy i l V  i s  p ro -  
v i d e d  as t h e  h i g h  r a n g e  mic rophone .  T h i s  microphone i s  
s imilar  i n  d e s i g n  t o  t h e  low r a n g e  microphone .  

( a )  CK0324, c o v e r i n g  solind p r e s s u r e  r a n g e  f rom 70-110 d R  
o f  t h e  low range microphone ,  and  ( b )  CK0334, c o v e r i n g  
sound p r e s s u r e  r ange  o f  100-140 d B  o f  t h e  h i g h  r a n p e  
microphone .  

The d e t a i l  d e s c r i p t i o n  o f  t h e  t e s t  i s  g i v e n  i n  N A A  
Drawing No. B16-880303. 

The c a p a c i t y  of t h e  r e c o r d i n g  t a p e  i s  a n p r o x i m a t e l y  
30 m i n u t e s .  The p r e s e n t  p l a n n i n g  i s  t o  r e c o r d  t h e  
a c o u s t i c a l  measurements  be tween T-3 h r s .  and T-0 v i a  
an A2A c a b l e  ha rdwi red  be tween t h e  CM and  t h e  Manned 
S p a c e c r a f t  O p e r a t i o n s  B u i l d i n g  (MSOB). The e x a c t  
r e c o r d i n g  p e r i o d s  d u r i n g  t h e  f l i g h t  a r e  n o t  known. 
The a t t a c h e d  Table  3-1 shows t h e  r e c o r d i n g  p e r i o d s  t h a t  
were p l a n n e d  for t h e  AS-501 m i s s i o n ,  a l s o  shown on t h e  

( 2 )  

( 3 )  The measurement  numbers a s s i g n e d  t o  t h e  t e s t  a r e  

(4) 

(5) 
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t a b l e  a re  t h e  r e c o r d i n g  p e r i o d s  d e s i r e d  b y  t h e  
a u t h o r s  which would r ema in  t h e  same by  t h e  l 'ever i t l '  
c o u n t .  

20 3 1-TAB 

20 3 1-RDR 
2034-RKC-dlb 

Attachment  
( T a b l e  1 



. 

TAbLE 2.0-1. - MISSION EVENTS AS - 2 0 2 

I 

Event 

lange zero 17:15:32 G.m.t .  

Pirst motion 
Af t -of f  
IECO 

;- IB/S-IVB separa t ion  
5-IVB i g n i t i o n  
.ES j e t t i s o n  

S-IVB Cutoff 
?CS d i r e c t  u l l age  on 
S-IVB/CSM separa t ion  
bX t r a n s l a t i o n  on 
Start maneuver f o r  f i r s t  SPS burn 
;PS on ( f i r s t  burn) 
SPS o f f  ( f i r s t  burn) 
S t a r t  maneuver t o  l o c a l  v e r t i c a l  
4pogee 
tX t r a n s l a t i o n  on 

- 

3PS on (second burn) 

SPS o f f  (second burn) 
SPS on ( t h i r d  burn) 
SPS of f  ( t h i r d  burn) 
SPS on ( f o u r t h  burn) 
SPS off  ( fou r th  burn) 
Start maneuver t o  CM/SM separa t ion  a t t i t u d e  
CM/SM separa t ion  
Start  maneuver to en t ry  a t t i t u d e  
Entry 
Begin blackout 

0.05g 
End blackout 
Forward hea t  s h i e l d  j e t t i s o n  
Drogue parachute deployment 
Main parachute deployment 
Splashdown 

0.7 
144.6 

145.2 
146.7 
170.7 

602.3 
610.8 
612.5 

616.0 
623.3 

613.3 

841.1 
848.9 , 

0.9 6.2 Recorded 
7 -  -.. . I 

144.2  -1.0 

145.6 -1.1 
I 

170 * 5 -C.2 
586.5 ! - 3 7  22. a 

I 

597.0 -13.3 f 
598.7 
620.0 

603.6 
609.7 
825.6 
837.1 

2478.0 1 2471.0 
3941.6 1 3926.1 

4061.2 1 401L.5 
4071.2 4051.5 

3971.6 ' 7 n c  -1716.~. 7 

4074.2 
4084.2 
4087.2 
4203.2 

4273.4 
4280.8 
4358. L 
4418.7 
4435.1 

5010.8 
5196.1 

5197 1 

5574.7 

5247.8 

4057.5 
LO67. 5 
4070.5 
4188.2 
4261. 0 

4272.2 
4348.0 
4Li6.0 

1426.9 
5008.0 
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